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System and Process For Post Alignment Polarization 
Extinction Ratio Compensation in Semiconductor Laser 

System 

BACKGROUND OF THE INVENTION 

Polarization control is required in many different types of fiber optic apphcations. The 
typical modality for obtaining this control is polarization-preserving or polarization- 
maintaining optical fiber. Standard single-mode optical fiber supports two orthogonal 
eigenmodes or polarizations. In nominally circular fibers, the polarization modes are 
degenerate with an identical propagation constant and group phase velocity. 

Polarization-maintaining (PM) fiber is sometimes referred to as high birefringence 
single-mode fiber. PM fiber utilizes a stress-induced birefringence mechanism to achieve 
high levels of birefringence such that polarized light travels at different speeds along the 
orthogonal polarized axes of the fiber. Typically, these fibers embed a stress-applymg region 
in the cladding area of the fiber. When placed symmetrically about the core, it gives a fiber 
cross-section two distinct axes of symmetry. These cross-sections range from elliptical to 
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M*. Th,s results in the propagation speed ,o be polarization dependent for light 

po.anzed a l on g oneax,sofs ymm e«r yd oe S „o t e ffl e,e„Uy coup, utto the orthogonal 

polarization. 

One technique for quantifying .he ex,e„, .0 which PM fiber matins po.ariza.ion is 
m e polarization extinction ratio (PER). This ratio - *"« * ^ 

polarization modes. 

ffi a number of differen. applications, contro.ting how Ugh. ,s launched in.o PM fiber 

,au„ch this single polarization light ,n.o PM fiber and have i.s single polanzation stat 
portion amsotropic device, such as a sen—or optica! amphfier ( OA • fa tins 

nationally adjust .he PM fiber relative .0 the semiconductor optical devrce. 

One specific example where notation control ,s required is in .he pump lasers used 

doped fiber. Polarization control is required for two differen, reasons. 

Tne first ,s related to the fact that many times these pumps are temporally power 
stabil.zed using fiber Bragg gratings. The goings create an externa, cavity that feeds-bac* 
25 „gh. into the semiconductor gain med,um. These semiconductor gain medtums have h,gh 
plzationanisotropy. Polanzation staoihty , thus reared between the sem.conductor gam 
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medium and the fiber Bragg grating to ensure that the level of feedback seen by the pump 
laser is constant. 

Polarization stability is also required between the pump laser chip, with or without 
Bragg grating stabilization, and the gain fiber in the Raman pumping scheme. Polarization 
isotropic fiber amplifiers are typically preferred. Raman amplification depends on whether the 
polarization of pump light is the same as the optical signal to be amplified, however. Thus, 
most Raman systems require unpolarized pump light. This is typically produced using the 
light from two semiconductor lasers with balanced orthogonal polarizations. PM fiber is 
typically deployed between the combiner and the separate pump lasers. 
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SUMMARY OF THE INVENTION 

High quality PM optical fiber is commercially available. This fiber has very good 
PER ratios, when polarized light is launched parallel to one of the fiber's axes-there is very 
little coupling of a polarization launched along one axis of the fiber coupling into the other 

axis. 

Problems arise, however, when this fiber is integrated into larger optical systems. That 
is, the PER of the system is typically lower than the fiber itself. For example, in the case of 
semiconductor laser launching into PM fiber, the semiconductor laser generates light at only 
one polarization, and the fiber can be rotationally aligned accurately to the semiconductor 
laser. As a result, it would be expected that light exiting from the PM fiber would only have a 
single polarization. Many times, however, this is not the case, especially in systems that are 
manufactured for commercial applications. 

The degradation in the PER ratio ojthe optical systems results from mechanical 
stresses placed on the fiber during the maifacture of the systems. For example, in the case of 
optical pump manufacturing, the semiconductor laser is installed on a submount. The PM 
fiber enters a package through a fiber feeAhrough in a ferrule and then is secured down onto 
the submount, such that the endface of thi pigtail is held in proximity to the exit facet of the 
semiconductor laser. In such systems, highly robust fixturing processes are used, typically 
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such as solder bonding, in which the fiber is mitatizeo and solder bonded either drrectly or 
indirect* to the submount. Further, so.der is Lically appUed to sea. the ferruie around the 
fiber smce these packages must be hermeticaX sealed to ensure stable long-term operation. 
During the solder bonding processes, asymmJtries can arise in the residual stress fields 
s appHed around the circumference of the fibe after the so.der has cooled. These asymmetnc 
stress fields lead to distortions in the stress-Luced birefringent medium of the fiber. Th,s 
result ,n coupling between the two polariz Hon modes of the PM fiber and consequently 
degrade the PER of the system from that ejected from the separate components. 

The present invention is directed to a system and process for tuning the PER of an 
10 electronic system during and/or after its manufacmre. Specially, fixtures are provided that 
allow for the axial rotation of the optical fiber relative to the optical system after the optrcal 
fiber has been installed in the system. 

In general, according to one aspect, the invention features a semiconductor laser 
system It comprises a package including a floor and sidewalls, which extend from the floor. 
15 A submount is installed in the package, with a semiconductor chip being installed on the 
submount. PM optical fiber extends into the package via a ferrule and is secured to the 
submount via a mounting structure, such that its endface is held in proximity to the 
semiconductor chip. According to the invention, the mounting structure is deformable to 
enable tire axial rotation of the optical fiber endface after the optical fiber attachment to the 
20 mounting structure. 

In one embodiment, the semiconductor laser system is a semiconductor pump laser 
operating at 1400 to 1600 nanometers (nm), and thus, applicable to Raman pumping schemes. 
The fiber endface comprises a generally cylindrical or aspheric lens shape to a double-angle 
wedge-shaped endface. Further, a Bragg grating is provided to yield an external cav, «y dev.ee 
25 to stabilize the operation of the system. 

In general, according to another aspect, the invention features a process for 
manufacturing a semiconductor laser system. The process comprises installing a 
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■ , , ,hi„ in a oackage and then inserting PM optical fiber through a fiber 
sem.condnc.or chtp m package , ^ ^ ^ ^ ^ 

feedthrongh into the package. The endtaee ot me p 
,„ receive light generated by the semiconductor chrp. 

Wing to the invention, after the step of securmg the endface, a po.ariza.ion 
Jim**— edthroughmefiheruomme—o rchtp 

polarization extinction ratio. 

maximize the coupling efficiency. 

too „eimp,mentafion,he fiber ^^^^^^ u 
, r fiwmdface during the active alignment process, in 

mounting stiucture and the mounting stiucture secured .0 me submoun.. 

to any case once the fiber is secured to the submoun, and preferably the ferru.e sealed 
.rheirale—ratioofthehgn— ed .hrough me fiber is de.erm.ned. 
around the fiber, ^ , slow „ 

Tvnicallv this is accomplished by detecting a magi 

secures the optical fiber to the package. In one case, me m 

nidpoLtion — *-^ M ^ B ~":r 

25 option corresponding to the desired polarization extinction ratio. 

The above and other features of the invention mcluding various novel details of 
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described with reference to the accompanying drawings and pointed out in the claims. It will 
be understood that the particular method and device embodying the invention are shown by 
way of illustration and not as a limitation of the invention. The principles and features of thts 
invention may be employed >„ various and numerous embodiments without departing from the 
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scope of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings, reference characters refer to the same parts throughout 
the different views. THe drawings are not necessarily to scale; emphasis has instead been 
placed upon illustrating the principles of the invention. Of the drawings: 

Fig. 1 is a perspective view of a semiconductor laser system according to the present 
invention, with the lid cut away; 

Fig. 2 is a close up perspective view of the semiconductor laser chip, showing the fiber 
endface, chip facets, and the monitoring diode; 

Fig. 3 is a perspective view of the PM optical fiber held in a fiber mounting structure 
is on the optical bench or submount according to the present invention; 

Fig. 4 is a perspective view showing the fiber extending through the feedthrough in the 
sidewall 16 of the package 10, and specifically, through the ferrule 108; 

Fig. 5 is a process diagram illustrating the PER compensation according to the present 
invention; 

20 Fig. 6 is a schematic drawing showing the manufacturing test system of the present 

invention; and 

Fig. 7 is a perspective view showing the deformation of the mounting structure to 



rotationally align the fiber to laser chip a 



wording to the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Kg . shows a semiconductor laser system, which has been constructed accordtng to 

the principles of the present invention. 

Specially, the system comprises a package 10. In the iUus.ra.ed example, a butterfly 
package is used » which leads 14 extld laterally from the package. In other 
implements, me invention can 1 be appl.ed to DIP packages where .he leads 14 extend 
orthogonally from the floor 16 of the rjackage 10. 

to me illusttated cooled laser syslem, a thermo-electric cooler 100 is installed on me 
floor 16 of me package .0. These coolf are typically driven in response .o the temperature 
within the package, detected by thermiior ! 12 for example, to maintain a temperature-stable 
operating environment for the semiconductor laser chip. 

A bench or submoun. 102 is secured to the cooler 100. In the preferred embodiment, 
me bench is constructed from a mechanically and temperature stable substance, such as 
aluminum nitnde, silicon, silicon-metal compostte, silicon oxide, or berynium ox.de ,n 
15 various implementations. 

Semiconductor laser chip 1,4 is connected ,o .he bench 102. The chip is preferably an 
edge-emitting ridge, striped semiconductor chip as are used in carrier-class pump lasers, for 
example. I. generates light preferably a. about 980 or !480 nanometers, where there are 
absorption peaks in erbium-doped fiber. Alternatively, it generates Ugh. in the range of 1400 
20 ,o 1600 nm, U. 14xx, in case of a Raman pumping scheme. The chip sttipe defmes a med,al 
line 8 of the system 

to morede<ail,.hechip is bonded .oasubsttate 112.0 form a chip hybrid. This chip 
hybrid ,s men preferably solder-bonded .o me bench 102. A moni.oring diode 1 16 ,s nulled 
on the bench 102 behind a back face, of me chip 1 14. Specifically, .he mon..oring diode 1 16 
25 is MM on a pedestal sttucttrre ,18, wh,ch is similarly solder-bonded to the bench .02. 
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^ In <he current embodiment, d. drode 1 18 is Jaid-down on the bench 102. That ,s, the 

active surface of the mom.oring d,ode ,s in a plane L is parallel or M parallel to 
the surface of the bench 102. I 

An optical fiber pigtail 106 enters the package .0 through a fiber feedthrough in whrch 
a ferrule 108 ,s instaUed. The endfaee of the fiber pigtail is secured to the bench 102 ur 
proximity ,o the front facet of the semiconductor chip 1 .4 along the laser stripe-defined 
medial line 8. Specifically, in the preferred embodiment, a deformab.e fiber mounting 
structure 104 is used so that the endfaee is held in a stable bu, adjustable relations!,* to the 
semiconductor laser front facet. 

The present invention has particular applicability to pump lasers incorporating Bragg 
grating stabilization where PM fiber is commol. Specifically, in one implementation, the 
fiber pigtail 106 comprises a Bragg grating 12* that is formed in the fiber p.g.a.1. 

Reference numerals 200 and 210 illustrate two locations where asymmetrical stress 
fields can arise around the PM fiber pigfcil 106 to thereby undermine the PER of the opto- 
electronic system. 

Fig 2 shows the details of the orientation of the semiconductor laser chip 114, the 
monitoring diode 1 18 and the fiber endfai 126. Specifically, the double angle wedge shape 
fiber or other aspheric endfaee 126 is loclted in front of the stripe of d. semiconductor ch, P 
1 14 opposite the chip's front facet 124. | 

Fiber lens coupling system typically yield good coupling efficiencies of between 70 to 
80% in which the light that is emitted from the front facet 124 is coupled to propagate m the 
fiber pigtail 106. 

Fig. 3 shows a mounting structure (hat enables the PER compensation according to the 
present invention and the source of the pclential first asymmetric stress field 210. 
Specifically, as is common, the PM fiberk, which may have been previously me.all.zed, .s 
solder bonded .0 the mounting structure 04, which secures .he fiber ,06 .0 .he bench or 
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submount 102. This solder bonding or other biding process may result in an asymmetrical 
stress field being applied to the fiber 106, whic|i degrades its PER. 

Fig. 4 shows the second asymmetric stress field location 200. Specifically, to enable 
the hermetic sealing of the package, the fiber 106 typically passes through a ferrule 108 
5 installed in sidewall 16 into the package. Solder is typically applied in the region between the 
inner bore of the ferrule and the exterior of the fiber 106, and in some cases, the ferrule may 
further be crimped to further apply additional stress to the fiber. 

In some cases, however, asymmetric stress associated with the ferrule can be process 
controlled. This is because that generally circular fiber is passes through the generally circular 
io bore of the ferrule. 

Fig. 5 shows a manufacturing process, including PER compensation, incorporating the 
principles of the present invention. 

Specifically, as is common and illustrated in step 710, the chip 1 14 is installed within 
the package 10. Typically, the chip is installed on the hybrid 1 12, which is then bonded or 
15 otherwiseattachedtothesubmountorbenchlOZ. The fiber 106 is then inserted into the 
package through the fiber feedthrough in the ferrule 108 in step 712. 

In the current embodiment, an activejalignment process is then performed in step 714 
in which the chip 1 14 is energized and the Jidface of the fiber is aligned relative to the exit 



facet of the chip. Either before or after this, - —c^— » . 

proximity to the endface to the submount of bench 102 using mounting structure 104 

As illustrated in 716, as aldb part of the manufacturing process, the package is sealed 
around the fiber in the fiber feedlough. In one implementation, solder material is filled in 
around the fiber in the ferrule in Jtep 718. 

With these manufacturing steps, asymmetric stress fields have been applied to the PM 
fiber 106. The resulting effect on the PER is detected in step 720. 



active aligning process, the fiber is secured in 
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Fig 6 is a schematic block diagram illustrating the manufacturing test system that ,s 
used to detect the PER ratio of the system J. Specifically, the semiconductor laser ch,p 
1 ,4 which is installed on the bench 102 hL package 10, is energized. The generated 
polarized light is coupled in the fiber 106,Lich has been inserted into toe package through 
,he front wall 16 and secured to the bene/ 102 via mounting suture 104. Further, alignment 
has taken place, so that the endface 14«/s held in relation to the front face, of the 
semiconductor laser such that a desrre/ coupling efficiency has been achieved. Most 
mrnortantly, al, of the stresses that wjf. be apphed to the fiber as par. of the manufactunng, 
ex,st. Specifically, solder 144 has In placed around me fiber 106 in .he fermle and the fiber 
is bonded to the mounting structur/ 1 04. 

Further in a fiber stabilized pumr/scenario, a fiber Bragg grating 120 exists in the 
fiber pigtail .06 a. some typically specifid distance from the semiconductor chip 144. 

As par, of the testing scheme, a polarization extinction ratio meter 148 » attached to 
the fiber pigtail 106. Preferably, mis meter is a fully-automatic system mat directly measures 
the extinction ratio. Such meters are commercially avaiiable and typically comprise a raprdly 
rotating polarizer 150 in front of a photodetector 152. 

Retummg to Fig. 5, using the system illustrated in Kg. 6, the PER is detected a. the 
end of .he pigtail 106 using the PER meter 148 in step 720. 

Thereafter, the endface 146 of the fiber is rotationally aligned to the semiconductor 
laser 1 14 in step 722. Specifically, by nationally aligning the endface 126 of the laser, the 
angle a. which the single polarization ligf . is launched into the fiber pigtail is changed. By 
changing .his orien«a,ion, any stress-inf ed PER degradation associated with me fiber can be 
compensated. 

Fig 7 is a perspective view showing deformation of the mounting structure 104 to 
achieve the PER compensation according to the present invention. Specified, according to 
the present invention, a manufacturing system as described in U.S. Pat. Applicatron 
09/667 186, entitled OPTICAL SYSTEM ALIGNMENT SYSTEM, by Jenner, e, at., filed on 
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September 21, 2000, is used ,o mechanically engage ,he mounting structure as described in 
US Pat Application 09/689,349, entitled ALIGNMENT SYSTEM OPTICAL 
COMPONENT INTERFACE, by Jenner, « ai, filed on October 12, 2000. Both of these 
applications are incorporated herein by this reference in their entirety. 

Specifically, jaws 310, 312 engage the mounting structure 104 and are actuated in an 
opposed fashion. For example, to rotate the fiber endface in a Cockwise direction, jaw 310 ,s 
moved in the direction of arrow A while jaw 312 is moved in the Erection of arrow B. 
Specifically, the endface is rotated relative to the semiconductor laser ch, P to rationally 
align the endface such that the desired PER ratio is achieved. 

In the preferred embodiment, a plastic deformation process >s used in which the 
mounting structure 104 is deformed until a desired polanzation extinction ratio is achteved. 
Specifically, the highest polarization extinction ratio is sough, such that light exiting from the 
fiber has only a single polarization. Then, the mounting structure is fcrther deformed, such 
,ha, when ,. is released, the mounting structure will hold the fiber m an orientation 
15 corresponding to the desired polarization extinction ratio. 

Returning to Fig. 5, this process of detecting the PER and then rotationally aligning the 
endface to the chip mcludes severa! taations of the deformation step 722 and a subsequent 
PER detection step 724 until the desired PER is achieved in step 726. Once this occurs, a Hd- 
sealing step is performed in step 728 in which a lid is added to the package 10 so that tt ,s 
20 hermetically sealed. 

Alternatively, in another embodiment of the process, the PER compensation is 
performed after the fiber has been bonded to the mounting structure but prior to ferrule 
sealing. After PER compensation, the ferrule is sealed. 

This alternative embodiment is viable because process control can be used to create 
25 symmetry in stress field 200. Moreover, PER rotational compensation without ferrule 

bonding avoids the danger of torsional stresses being introduced into the fiber 106 between 
the mounting structure 104 and the ferrule 108. 
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While this invention has been particularly shown and described with references to 
preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the scope of the 
invention encompassed by the appended claims. For example, the present invention has 
application outside of the specific pump laser example herein. In other lasers and further in 
the case of coupling light in the polarization anisotropic devices such as semiconductor optical 
amplifiers, fiber endface-device rotation alignment for PER compensation is advantageous. 
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